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Abstract 
This work describes the design and preliminary evaluation of mLabour, a mobile application that aims to reduce death and injury in childbirth. 
mLabour incorporates a digital partograph and workflows to support labor ward management. This digital application reduces some of the 
barriers that prevent the partograph, a paper tool that has been shown to improve labor outcomes, from being fully utilized. We discuss design 
tradeoffs made during implementation, largely driven by prototype testing with labor ward nurses. We then discuss the results of a preliminary 
study of the application's usage, which suggests that mLabour has promise as a tool to improve patient care. 
© 2016 The Authors. Published by Elsevier B.V. 
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1. Introduction 
Annually, direct obstetric causes result in 210,000 maternal deaths during pregnancy, childbirth, and the post-partum period 
[3]. Prolonged and obstructed labor ranks high among these causes. In India, this accounts for at least five percent of maternal 
deaths, and it is doubtless involved in more cases where obstructed and prolonged labor occurred but was not listed as the 
proximate cause of death [5, 6]. 
The partograph, a paper tool for recording clinical data during childbirth, has demonstrated a reduction in obstructed labor 
when used to track patients [9]. Endorsed by the World Health Organization (WHO), the partograph is a single-page set of graphs 
and tables of measurements to be filled out during labor. The tool provides a standard structure for the most relevant patient data, 
and its graphs visualize the progression of labor, making prolonged labor more apparent. 
Despite being a powerful tool, the partograph’s complexity can be difficult to fill out and to interpret. The WHO in 2008 
released a simplified version of the partograph. (see Appendix A). In 2011, Engender Health’s Fistula Care and Maternal Health 
Task Force named the partograph’s complexity a major barrier to its usage [5, 6]. The task force’s report also discussed facility-
level challenges such as high staff turnover and insufficient supervision. More broadly, gaps in the health system - such as 
protocols that do not involve the partograph, and the limited availability of emergency care during childbirth - prevent the 
partograph from being used effectively [2]. While improving the partograph itself will not address these larger forces, it could 
make significant inroads into the complexity problem. mLabour joins other recent efforts [7] to modernize the partograph and 
increase its effectiveness. 
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2. mLabour, a mobile partograph and labor ward management application 
A digital partograph could improve on its paper counterpart in several ways: 
x Efficiency: Graphs could be generated by the application, rather than plotted by hand. 
x Error reduction: Necessary measurements could be required, and all measurements could be validated against expected 
ranges. 
x Usability: A digital device could incorporate color, animation, and sound, presenting opportunities to better present data and 
more strongly emphasize abnormal conditions. 
Even with these advantages, a digital partograph, like the paper partograph, would provide limited value if used in isolation. 
We developed a mobile application, named mLabour, which wraps a digital partograph in a set of workflows for registering, 
updating, and resolving maternal cases. This work builds on a paper published during an earlier period of mLabour’s 
development, which describes the formative research and early prototype testing in greater detail [4]. This works adds a 
discussion of design tradeoffs made during the process and of the results of a preliminary study of the mLabour application. 
2.1. A mobile partograph 
The partograph is a core component of mLabour. It is generated as the user enters exam measurements, eliminating tedious 
and error-prone manual graphing. It appears before every exam and is accessible at all times, one tap away from the application’s 
main work screen. 
2.2. A labor management tool 
mLabour’s primary work screen is a list of patients, which automatically refreshes every minute, sorted by priority - a 
calculation based how soon the next exam is due, whether or not the patient has a high-risk history, whether or not the patient has 
been flagged by staff as needing extra attention, and if the patient’s labor is progressing at a dangerously slow rate. Each 
patient’s most critical demographic and clinical information is summarized on a tile, with icons representing unusual situations: 
emergency situation during labor, high risk history, overdue exam, or manual flag set by a user (see Figure 1). 
 
Fig. 1. Summary tile for a sample patient 
The application contains four primary workflows: 
x Registration: The patient is added to the application. This form includes identifying data, an obstetric history, and a screening 
for high risk factors. 
x Record Measurements: Quantitative measurements taken during an exam. This form powers the partograph. This workflow 
also includes deciding when to next check on the patient, which sets an alarm. 
x Notes and Flags: These act as a fallback for information not captured in the more structured Record Measurements form. 
Here, a user can add or remove a tag indicating that the patient needs special attention. A free text field captures the details of 
the situation. 
x Post-labor resolution: The application includes one form to record a delivery and another to document a patient transfer to 
another doctor or facility. Resolved cases are removed from the main list of active patients but retained on the device until 
explicitly closed. 
A handful of secondary workflows, such as the ability to update registration information, support these core workflows. In 
addition to the data entry and partograph generation, the application’s ability to ring an alarm when a patient is overdue for an 
exam was a major piece of functionality. 
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3. Design Tensions 
While designing mLabour, we made a number of tradeoffs between valid but competing design requirements. Deciding how 
to weight these different considerations was a regular theme during application design and usability testing. Some of these 
tensions were contentious enough that we continued to revisit them almost up until the study began, as we trained participants on 
the final version of the application. A main purpose of this paper is to outline these conflicting needs and discuss the rationale we 
used to choose one approach over another.  
3.1. Familiarity versus innovation 
The existence of an application implies that the end user has some unfulfilled need. Yet adapting to change, even positive 
change, has a cost. The new functionality has to be balanced with the user’s need for familiarity. Since a core part of mLabour is 
digitizing the paper partograph, we had a series of decisions about how closely to mimic the paper tool. Any deviation would 
mean re-training staff who already knew how to use the paper version, but adhering exactly to the paper version could mean 
missing opportunities to improve care. 
We maintained the partograph’s primary structure: fetal heart sounds, dilation, and contraction graphs, vertically aligned, 
which fit into one screen with a small amount of scrolling. At the nurses’ request, we added graphs for blood pressure, pulse, and 
respiration below the three major graphs. Tabular data, such as temperature and drugs administered, moved to a different screen, 
a swipe away. Of those main graphs, our fetal heart sounds graph looks the same as its paper version, but we modified the other 
two graphs significantly, in an effort to make them more similar to general data visualization standards and thus easier to 
interpret. 
From a data visualization perspective, the most unusual aspect of the traditional partograph is the treatment of patients 
transitioning from latent to active labor. In order for the dilation graph’s alert and action zones to be meaningful, the first dilation 
measurement of active labor is plotted on the diagonal line labeled “Alert.” From there, further dilation points make it clear 
whether labor is progressing quickly enough (the plotted line will slope upwards, more steeply than the alert line) or so slowly 
that the patient may be in danger (the plotted line will have a shallower slope, so points appear below the alert line) (see Figure 
2a). 
The pre-1998 WHO partograph includes a section for latent labor, with space for eight hours of measurement. For a patient in 
latent labor when data recording began, measurements would be recorded beginning at zero, but once the patient entered active 
labor, the next point would be plotted on the alert line, and plotting would continue from that point, with a dotted arc or another 
indicator joining the two phases (see Figure 2b). This resulted in a confusing gap in the data points and the x axis. 
 
Fig. 2. (a) dilation graph, active phase only, patient presenting at 4 cm and then progressing slowly, entering the alert and action zones [8];        (b) dilation graph, 
latent and active phases, patient presenting at 3 cm, then reaching 6 cm and from there progressing normally, 1 cm/hour [9] 
Latent labor has been removed from the simplified WHO partograph, but we chose to include it in mLabour, which was meant 
to assist throughout labor, not only the active phase. This was particularly relevant at our study hospital, which often admitted 
and examined patients during this latent phase. Not being able to record latent labor in the tablet would have disrupted the ward’s 
usual workflow. 
Being electronic, mLabour’s dilation graph is able to adjust to individual patients, eliminating gaps and accommodating any 
length of labor. The alert and action lines in mLabour are drawn as colored zones - yellow for the area between alert and action, 
red for the area beyond the action line. These colors correspond to the patient list, where tiles for patients whose last dilation 
measurement lands in one of the zones are colored yellow or red. On the graph, the zones shift left or right so that the patient’s 
first active dilation measurement is plotted on the alert line, without losing data continuity (see Figure 3). If labor lasts longer 
than 12 hours, the graph’s x axis expands as needed. 
 
a b 
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Fig. 3. (a) Left: patient with no latent labor; (b) Right: patient with long latent labor 
 
Although this dynamic dilation graph generates output that looks like a typical line graph, without gaps or extra data squeezed 
in, the shifting zones caused confusion among our participants. The large, bright yellow and red zones are intentionally visually 
demanding, because they indicate serious risk. But we found that when these zones were drawn in unexpected places - namely, 
when they looked substantially different from the blank partograph - users suspected the application had broken. 
The dynamic dilation graph became the most controversial design decision we made, and we revisited it several times. 
Unfortunately, reworking the application as we changed design direction made the application more fragile and susceptible to 
bugs, which reduced participant trust – and the trust of the participants’ supervisors – during the training period leading up to the 
study. We postponed the beginning of the study by a week for the sake of stabilizing the application and rebuilding that trust. 
Ultimately, we kept the dynamic aspect of the dilation graph, deciding that without the confounding application instability, it 
would require less training and be easier to create and interpret than the original WHO partograph, without sacrificing latent 




Fig. 4. (a) contractions recorded in paper partograph; (b) contractions recorded in mLabour 
 
For the contractions graph, we chose a different representation than the traditional shaded bar graph. mLabour plots 
contractions on a bubble graph, where the bubble’s y position corresponds to the frequency of contractions and the bubble’s 
radius corresponds to the length of those contractions (see Figure 4). We chose a bubble chart because it is a standard 
visualization, whereas the shaded bar graph is specific to the partograph. Before prototype testing began, this decision seemed 
like the biggest change from paper, so we were prepared to revert to the bar chart. We were pleasantly surprised to find that none 
of the study participants objected to the bubble chart or had trouble interpreting it. 
3.2. Guidance versus interference 
What one user perceives as helpful advice, another may perceive as annoying or even intimidating. For mLabour to serve a 
variety of individuals, in different roles, with different levels of training, it needed to strike a balance between supporting users 
and becoming a burdensome chore. 
When registering a patient, the clinician determines whether the patient is in true labor or is experiencing false labor pains. A 
number of signs distinguish true from false labor, which we included in an early version of mLabour as a checklist. Depending 
on the symptoms selected, the application would determine whether the patient was in true or false labor. When we discussed this 
during scenario testing, the nurses thought that the full list of symptoms could be helpful for junior staff but was unnecessary for 
more experienced staff, who were thoroughly familiar with the signs of true labor. We reduced this to a single input for true or 
false labor, with the list of symptoms provided only as a reference, so that junior participants could read it but senior participants 
could bypass it quickly. 
In contrast, we decided that the application’s list of possible emergency signs was worth keeping as individual inputs. The 
workflow for examining a patient included a checklist of six symptoms indicating potential serious danger to either the mother or 
the baby. This was one of the few required questions during an exam, with users required to explicitly select “None of the above” 
for normal patients. Selecting an emergency sign triggered the display of a medical protocol for responding to that symptom. 
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Although users would have training and experience in recognizing and responding to these emergencies, we decided that the 
gravity of these situations warranted requiring some kind of input and then having a reference available while responding to the 
problem. 
3.3. Structure versus flexibility 
When we began scenario testing, the application design adhered to our understanding of the hospital’s practice: each exam 
was classified as either a general exam or a pelvic exam, each expected to occur on a regular schedule. During scenario testing 
and ward observation, we found this structure unrealistic and did away with it. Instead of being expected to examine all patients 
on the same schedule, at the end of each exam, the nurse would be asked when the patient should next be examined at all and, if 
the exam had included a dilation measurement, when she should next receive a pelvic exam. The application would store these 
responses and ring at the requested times. This allowed the application to issue reminders, preventing patients missing exams 
during times when the ward was especially busy, but it avoided boxing nurses into a schedule that wasn’t appropriate for every 
patient. 
3.4. Accountability versus ease of use 
The “user” in “user experience” most often refers to the individual who directly interacts with the product. However, in a 
clinical setting, the application also must be acceptable to the facility. At times, the desires of the individual and the institution 
are at odds. With mLabour, the institutional need for accountability conflicted with the individual need for a smooth login 
experience. 
While there could be four or more nurses at a time on the ward during a shift change, for the study, users shared two tablets, 
each with a complete set of patient data. The ward was physically small enough to make this feasible, and the nurses preferred to 
have fewer devices to oversee. The shared nature of the tablets made individual user accounts cumbersome. Logging in would 
add a burden each time a user picked up a tablet, potentially dozens of times during a shift, taking time away from patients. For 
these reasons, the staff shared a single user account. However, this presented an institutional problem: the hospital needed to be 
able to track who had entered data. 
To work around this, we created a form to be filled out at the beginning of each of the three daily shifts, noting who was on 
duty. This form also recorded which doctors were on duty, which enabled the application to send an SMS to those doctors if a 
patient looked to be in danger (entered the alert or action zones of the dilation graph). This joint purpose should increase the 
likelihood of this form being reliably filled out. The study logs validated this prediction, showing that this form was completed 
fairly consistently during the study (see Figure 5). 
 
Fig. 5. Frequency of recording shift change 
In addition to the pre-shift form, we included a field for nurse’s name when flagging a patient for additional attention. This 
kind of accountability was important to the nurses themselves, who found it useful to know who had flagged the patient. Entering 
their name was an additional task to complete when adding notes for a patient, but less burdensome than logging in every time 
they picked up the tablet. 
3.5. Present versus future 
The mLabour study had a limited purview: one ward in one hospital, for just a few weeks. Some of the most difficult design 
decisions involved making tradeoffs between what was best for the study and what would best position mLabour to be effective 
at a larger scale. Greater customization would improve the application’s adoption and effectiveness at a specific facility but 
would make it more difficult to use the application at facilities with different practices. The partograph is a global tool, and 
values like thresholds for abnormal blood pressure are widely accepted, but some of the details of the workflows captured in 
mLabour are likely to vary. 
Within a single exam, mLabour supported 20 unique data points. While some of these indicators would be important in every 
facility, others would be less valued, or impossible to measure, at some facilities. Individual clinicians might also wish to record 
slightly different sets of indicators based on the patient’s circumstances. A long list of all indicators, with none of them required, 
would be susceptible to users accidentally skipping questions they had meant to fill out. It would also force the user to either 
enter the data in a specific order or to swipe back and forth to find questions. 
40   Jennifer Schweers et al. /  Procedia Engineering  159 ( 2016 )  35 – 43 
We experimented with an exam workflow of selecting an indicator from the list of possibilities, then entering data for that 
indicator, and repeating this process for each indicator. Explicitly selecting the questions to answer eliminated the scenario where 
a user accidentally bypasses a relevant question while skipping a series of irrelevant questions, and it allowed the user to choose 
the order of data entry. However, it also potentially doubled the number of events (swipes or taps) - required to fill out a form. 
We settled on presenting the list of indicators early in the exam workflow, so the user would mark all indicators relevant to the 
exam, then swipe forward and fill out only those indicators, which would all be required. This enforced an order, but for a much 
shorter list of indicators, and it made recording more efficient than the previous iteration of this workflow. This final exam 
workflow was less than perfect from the perspective of the study hospital and its small group of nurses; we could have reduced 
the list of indicators to those they cared about and possibly optimized the order. In the interest of making the application easier to 
implement at other facilities, we sacrificed this customization. 
Each medical facility is a potentially unique situation and may need individual attention. At the same time, the more we can 
group them, by some combination of geographic region, size, status as a public or private institution, and other attributes, the 
more hope there is of building an application that can improve care for the most patients. 
4. Evaluation 
4.1. Study design 
mLabour was built over several phases of research and implementation. Consistent with the literature, we found partograph 
usage to be inconsistent, despite the Indian national guideline that primary health centers fill out a partograph for every birth [1]. 
Clinicians had trouble filling out and interpreting the partograph and sometimes filled it in retroactively, making it useless for 
patient care, or ignored it entirely [4]. These difficulties were compounded by facilities being under-resourced. 
After these early observations, the team decided to focus on secondary hospitals and designed a set of paper mockups for a 
proposed mobile partograph application. Clinicians worked through hypothetical scenarios with these prototypes and evaluated 
multiple alternative designs of key screens. This feedback fed into the first version of the mLabour application. Later on, we 
tested this prototype with nursing staff, giving them patient scenarios and observing them learning to use the application. At 
other points, we guided the participants through the application, asking for feedback on specific areas. 
To gather preliminary data about mLabour’s potential, we designed and facilitated a study of the application’s use at Abdul 
Hakeem Centenary Hospital at Jamia Hamdard University in New Delhi, the same hospital where we had conducted scenario 
testing. The labor ward’s twelve nurses used the application exclusively for one month, in March 2015. During that time, the 
design team, along with an observer from the hospital, herself a former labor ward nurse, regularly recorded notes on the 
application’s usage. A set of data entry operators, also with nursing experience, shadowed the labor ward nurses during the study, 
recording patient data in the ward’s paper logs as the nurses recorded it in mLabour, satisfying the hospital’s requirements for 
record-keeping without forcing the nurses to do double data entry. 
4.2. Qualitative feedback 
At the midpoint and end of the study, we conducted focus groups with the participants, who offered both positive and 
constructive feedback. The tablet’s form factor - much smaller and lighter than the multiple large books that comprised the 
ward’s paper records - made life easier for the nurses. They appreciated the succinct information presentation and liked that 
patient tiles changed color for patients in the dilation graph’s action or alert zones. One participant described the ward running 
more smoothly: “I would check the patient list and see if someone else had an exam coming soon and if there was I’d let another 
nurse know, so things weren’t too delayed.” 
Regarding the partograph specifically, replacing hand-plotting points with automatic graphing was a clear improvement. 
Participants easily understood the bubble graph representation of contractions. Because the application automatically recorded 
the time exam measurements were entered, nurses were less inclined to complete partographs retroactively, explaining, “With the 
application it seemed like we were doing exams more regularly and being punctual about them because even if we went to note 
something later in the app it would look like we did it late because of how it worked.” 
The nurses had several requests for more functionality: they wanted mLabour to better incorporate patient medications and to 
better track septic patients. The participants said they would prefer a louder alarm for late exams. This was something of a 
surprise, because we had feared the ringing would set off alarm fatigue and condition the nurses to ignore the noise. But in this 
relatively small ward and short time span, not enough alarms went off to cause fatigue. A different context might be better-suited 
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4.3. Quantitative feedback 
Our most important quantifiable question was whether or not mLabour increased partograph usage, since partograph usage is 
linked to better patient outcomes. The workflow to record delivery included an instruction to photograph the patient’s paper 
partograph. Of the 103 patients with exams recorded in mLabour, only 13 also had a completed paper partograph, while another 
3 had a partially completed paper partograph. Compared side-by-side, many of the mLabour partographs included more data 
points, plotted more precisely, than their paper counterparts (see Fig 6). 
 
 
Fig. 6.(a) a study patient’s paper partograph; (b) the same patient’s mLabour partograph 
 
mLabour logs all form-level and patient-level data, including metadata such as the date and time of each form submission, 
which let us examine how complete data was for each patient. During the study, 1119 exams were recorded in mLabour. Patients 
were examined frequently, with almost half receiving at least ten exams. Patients received a median of eight exams and a median 
of four pelvic exams. A full 75% of patients were admitted during the latent labor phase that doesn’t appear at all on the current 
simplified paper partograph. 
The structure of individual exams varied quite a bit. Fetal heart sounds were recorded at nearly every exam, while sugar level 
and urine output were rarely or never recorded. But of the 14 optional indicators in the exam workflow, most were recorded 
somewhere between a third of the time and half the time (see Fig 7a). This meant the exams themselves varied in complexity. 
About a third of exams were just quick checks on fetal heart sounds, but others involved recording ten or more separate 
indicators (see Fig 7b). This variety suggests that the flexible exam structure was necessary. 
 
 
Fig. 7.(a) number of exams including e ach indicator; (b) number of indicators recorded per exam 
 
The fallback nurse notes & flags workflow, used to capture data not accounted for in the structured exam workflow, was used for 
15% of patients. The notes flagged risks (fetal distress, maternal tachycardia), recorded clinical actions (such as time of 
administering drugs to induce labor), and filled in gaps in the application (such as recording double fetal heart sounds in the case 
of twins). While some of this usage indicates potential improvements in the application, mLabour will continue to include this 
unstructured data entry to account for the unexpected. 
a b 
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5. Conclusion 
Through exploratory research and a user-centered design process, we developed mLabour to assist with patient care in labor 
wards. A digital version of the partograph is a crucial component of mLabour, intended to help clinicians detect prolonged and 
obstructed labor quickly, while avoiding the usability difficulties that detract from the paper partograph. Beyond the partograph, 
mLabour incorporates a system of reminders, decision support for emergencies, and support for the full patient lifecycle, from 
admission until delivery or transfer. 
During the development of mLabour, the team balanced a set of sometimes competing design requirements to produce a tool 
meant that would serve the specific needs of the partner hospital but would also have the flexibility to scale to other contexts with 
minimal adaptation. A preliminary evaluation of mLabour suggests that it has potential to improve patient care. Data collected 
with mLabour was more complete than the corresponding paper data, and users reported that the application reduced patient 
neglect. While more rigorous study is necessary to demonstrate that mLabour improves care, these early results show promise. 
Appendix A. The paper partograph 
Fig.8. (a) blank paper partograph (simplified version) [8]; (b) completed partograph [8] 
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